Introduction
Over the past decade, arrays of aligned TiO 2 nanotubes (TiO 2 NTs) grown on Ti by self-organizing anodization have attracted a huge scientific interest. 1, 2 Due to the electronic properties and the biocompatibility of TiO 2 , these onedimensional nanostructure arrays are highly promising for applications in the fields of dye-sensitized solar cells (DSSCs), 1, [3] [4] water splitting, 5 photocatalysis 6 and biomedical devices. 7, 8 The performance of the nanotubes in all these applications depends strongly on their length, diameter and ordering. For instance, an optimal length of 7 m for TiO 2 nanotubes has been reported for solar photoelectrochemical water splitting, 9 ranges of 15-30 m seem optimum for DSSCs, 4 and it has been shown that TiO 2 nanotubes with a diameter larger than 50 nm impaired the spreading and adhesion of mesenchymal stem cells on nanotubular surfaces. 7, 10 Screening the properties of TiO 2 NT arrays as a function of the tubes characteristic dimensions for a given application is consequently of significant importance for the development and the optimization of many important TiO 2 NTbased devices. In the majority of the cases, screening requires fabricating and studying series of individual surfaces, each of them comprised of one type of nanotubes with a specific characteristic tube dimension, this approach is time consuming and expensive. Therefore, it would be beneficial to develop a reliable and efficient technique that allows the fabrication of TiO 2 NT arrays with adjustable length and diameter gradients for the rapid screening of these factors on a single sample. In the present work we show that such gradients can be generated in a highly controlled manner using bipolar electrochemistry.
Bipolar electrochemistry is a phenomenon which generates redox reactions on the surface of conductive objects without the use of wires. 13 It has recently attracted considerable attention for micro-and nanosciences with applications in the domains of analysis, 14 materials science, 15 as well as for the generation of particle motion. 16 Principle and mechanism electric field is applied between the feeder electrodes, namely an anode at a potential E a and a cathode at a potential E c , a polarization potential V arises along the surface of the Ti foil. 13 As shown in Fig. 1b , this potential is maximal at the edges of the foil and gradually decreases towards its middle. If the generated polarization potential is high enough, a fraction of the delivered current flows through the Ti foil, inducing redox reactions along the metal conducting path but most pronounced at its extremities, where the polarization potential is maximum. 13 Reduction happens at the cathodic pole of the Ti foil (the extremity which faces the feeder anode), together with oxidation at the anodic pole (extremity which faces the feeder cathode). Under such conditions the Ti foil behaves at the same time as an anode and a cathode, that is a bipolar electrode.
Since the driving force of the electrochemical reaction, V, gradually decreases from the edge of the reactive pole towards the middle of the foil, this mechanism, performed under appropriate anodization conditions, should allow to grow TiO 2
NTs with a length and diameter gradient on the anodic pole. shows the anodic pole of the Ti foil after 4 min of anodization.
The oxide layer, mostly greyish, covered more than 60 % of the Ti foil surface. Scanning electron microscope (SEM) observations were performed at the two extremities of the anodic pole. A porous oxide layer (Fig. 2c ) with a thickness of about 100 nm and non-organized nanopores (Fig. 2c, inset) , was observed at the edge which underwent the weakest polarization potential. In contrast, as shown in Fig. 2d Control over the distribution of the nanotube lengths and diameters x is linear over the anodic pole, which suggest that it is controlled by the variation of the polarization potential over the anodic pole (see Fig. 1b) . 13 This is consistent with the fact that the D gradient is adjustable with the applied electric field because the polarization potential is proportional to the imposed electric field. 13 The largest tubes, shown in Fig.4b, had ). These results illustrate that TiO 2 NTs also with a gradient in diameter can be easily fabricated and tailored using bipolar anodization. These results are in very good agreement with previous published works. 9 It is also worth mentioning that the transient photocurrent curves obtained with the longest tubes exhibited a decay after illumination (Inset of Figure 6a ), this can be attributed to an increased recombination over longer transport pathways. The experiment demonstrates the feasibility to use these gradients for the fast screening of tube properties over a wide range of dimensions. 
Photocurrent screening

Determination of the optimal dimensions of dyesensitized TiO 2 NTs
We now show a second direct application of our gradients, that can be used for optimizing TiO 2 NT based DSSCs. For these experiments, we used a gradient made similarly to the previously described one. After annealing, the gradient was sensitized with a ruthenium dye and the screening was performed with the set-up similar to the one previously described in Fig nm, which is in very good agreement with Fig. 6b . These dimensions are in the same range than the ones reported in recent work discussing the optimal tube length for DSSCs. 4 The fabrication and the screening experiment was performed in a few hours whereas it would have taken much longer time using classical anodization procedures, probably several days. These results demonstrate clearly how these gradients and the described screening methods can be beneficial for rapidly optimizing photoelectrochemical devices. splitting, 5 and biomedical devices 7 can be drastically faster.
